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Abstract: An attempt is made at recognizing the main effects of the strong 1939 earthquake
in the Easternmost Anatolian Fault on the seismic activity in key Mediterranean tectonic
zones. The major earthquake trends since 1800 indicate that, in the decades following
1939, both the number and intensity of significant earthquakes increased in the central
and western NAF, the western Anatolia, the Crete-Rhodes Arc, the Peloponnesus, Sicily,
and even the Tell zones. In contrast, seismicity experienced a sharp decline in the Serbo-
Macedonian, Epirus-Albanides, and Calabria zones. These findings provide additional
constraints on the geodynamic and tectonic framework and on the role played by post-
seismic relaxation in the Mediterranean region.
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1. Introduction

In the long-term, tectonic activity in the Mediterranean region (Figure 1) is driven
by the convergence of the Nubia and Eurasia plates and the westward extrusion of the
Anatolian wedge (e.g., [1]). In the short-term, the effects of these kinematic boundary
conditions are not continuous over time. They primarily develop after major earthquakes
along the main fault systems. These events trigger perturbations in displacement, strain,
and stress fields, which propagate through the surrounding regions at rates controlled by
the elastic and viscoelastic properties of the crust and upper mantle [2-8]. The effects of
these perturbations may be closely linked to the seismicity patterns of the zones involved.
This study aims to identify the main effects of the strong earthquake (Mw = 7.7) that, in
1939, activated about 300 km of the eastern North Anatolian Fault (NAF) (e.g., [9-13]).

Several authors have suggested a close connection between the stress diffusion trig-
gered by this event and the sequence of major earthquakes that occurred in the other
segments of the NAF in the following decades, up to 1999 (Figure 2) (e.g., [8,14-16]).
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Figure 1. Tectonic scheme of the Mediterranean area. (1) European continental domain, (2) Nubia-
Adriatic and Arabia continental domain, (3) Ionian-Levantine oceanic domain, (4, 5) outer and
inner belts of the Tethyan system, constituted by metamorphic massifs and ophiolitic units, respec-
tively, (6) Atlas belt, (7) other orogenic belts, (8) Rhodope and Serbo-Macedonian (SM) massifs,
(9) Black Sea thinned domain, (10) Cenozoic basins, (11, 12, 13) extensional, transcurrent, and com-
pressional features, and (14) outer fronts of the orogenic belts. Al = Albanides; An = Antalya
peninsula; Ce = Cephalonia fault; Co = Corinth trough; CA = Calabria; CS = Corsica—-Sardinia block;
EAF = Eastern Anatolian Fault; ECA = External Calabrian Arc; Eu = Eubea; Ga-Ge = Ganos-Gelibolu
thrust fault; Ma = Marmara trough; MR = Mediterranean ridge; NAF = North Anatolian Fault;
NA = North Aegean trough; Pe = Peloponnesus wedge; Pl = Pliny fault; Rh = Rhodes; St = Strabo
fault; The = Thessaly.
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Figure 2. (A) Main segments of the North Anatolian Fault that failed since 1939 (based on [17,18]).
Seismicity data as [19]. (B) The pie chart shows the relative seismic moment of the major earthquakes
of the above sequence. The total seismic moment released from 1939 to 1999 is 1.16 - 102 Nm [15].

This seismic sequence caused a westward displacement of several meters (approxi-
mately 10) of the Anatolian wedge relative to the Black Sea domain (Figure 1; [9,10]). It is
reasonable to expect that such a sudden and significant displacement of a major structure
accelerated the deformation of zones directly or indirectly affected by Anatolia’s motion.
This primarily concerns the Aegean and Balkan sectors of the Tethyan system (Figure 1).
Since these sectors (particularly their inner metamorphic core) transmit Anatolia’s west-
ward push to the Adriatic plate [1], which in turn exerts stress on the Pelagian domain and
the northern Nubian margin [1,20-30], some effects of the 1939 Anatolian event can also be
expected in the central and western Mediterranean regions.

2. Seismicity Time Patterns (1800-2024) and Underlying
Tectonic Mechanisms

The seismic histories (since 1800) of the zones considered here are shown in Figure 3.
For each zone some comments are reported about the main features of the seismicity time
pattern, pointing out the main changes that occurred after 1939. Then, some hypotheses
are advanced about the tectonic mechanisms that may be responsible for these changes.

2.1. North Anatolian Fault

The time pattern of seismic activity along this fault (Figure 3a, Table 1) shows a
marked increase after the 1939 shock, mainly evident in the interval 1942-1967. This
seismic sequence has been mainly attributed to the marked increase in shear stress that
affected the central and western segments of the NAF after the strong 1939 event, as an
effect of post-seismic relaxation (e.g., [3,4,8,10,15]).
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Figure 3. Time patterns of seismic activity since 1800. (a) North Anatolian Fault, (b) westernmost
Anatolia and Crete-Rhodes arc, (c) southern Greece, (d) Serbo-Macedonian fault system, (e) Epirus
thrust front and Albania shear faults, (f) Calabrian wedge, (g) Sicily, and (h) Tell belt. The yellow
columns indicate the number of earthquakes with M > 5.5, while the red bars relate to the equivalent
magnitude (sum of energies converted in magnitude by the relation log E = 1.5M + 11.8) of the annual
seismicity. The geometries of the zones considered are shown in the map, with the corresponding
letters. Data from [19,31-41].

Table 1. Main earthquakes (M > 5.5) that occurred since 1800 along the NAF (Figure 3a). The last
column reports the numbers relating to the respective reference.

Year M R
1809 6.3 38
1826 6.3 38

1829 5.8 38
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Year M R
1841 5.8 38
1845 5.8 38
1845 6.3 38
1850 6.7 38
1851 6.2 38
1851 5.8 38
1855 7.0 38
1855 6.7 38
1860 6.2 38
1862 5.8 38
1863 6.3 38
1865 6.4 38
1865 6.6 38
1867 6.9 38
1867 5.8 38
1867 5.8 38
1867 6.2 38
1870 5.8 38
1871 5.8 38
1873 5.8 19
1877 6.3 38
1878 6.3 38
1881 6.2 19
1882 5.7 38
1884 5.8 38
1888 5.8 19
1894 6.7 38
1905 5.7 36
1907 5.6 36
1909 6.4 19
1909 5.8 19
1909 5.8 19
1912 7.4 36
1912 6.2 36
1912 55 36
1912 6.9 36
1917 55 36
1918 5.8 19
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Table 1. Cont.

Year M R
1918 55 19
1919 5.8 19
1919 6.7 36
1923 5.9 19
1923 5.6 36
1924 55 36
1926 5.8 36
1928 5.5 36
1929 6.0 19
1930 5.7 19
1935 6.2 36
1935 6.2 36
1936 55 19
1939 55 36
1939 7.7 19
1941 5.6 19
1942 5.7 36
1942 5.6 36
1942 5.5 19
1942 7.1 19
1943 6.4 36
1943 5.6 36
1943 7.3 19
1944 7.2 19
1944 55 19
1944 5.6 36
1944 5.6 19
1944 6.9 36
1945 5.7 19
1951 6.9 19
1953 7.2 36
1953 5.5 36
1953 5.5 36
1956 5.6 36
1957 5.9 36
1957 7.2 36
1959 55 36
1960 5.9 19
1964 5.7 36
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Table 1. Cont.

Year M R
1964 6.9 36
1967 55 36
1967 7.3 36
1967 6.1 19
1967 5.7 36
1969 5.8 36
1975 5.5 36
1975 5.8 36
1977 5.5 19
1979 55 36
1983 5.8 36
1992 6.7 19
1992 6.3 19
1995 5.8 19
1996 5.7 19
1996 5.7 19
1999 7.5 36
1999 5.8 36
1999 5.6 36
1999 7.2 36
1999 55 36
2000 6 19
2000 5.5 36
2003 6.2 19
2003 5.8 36
2019 5.7 34
2022 6.1 34

2.2. Western Anatolia and Crete—Rhodes Arc

The highest seismic energy release occurred in the interval 1856-1900 (Figure 3b and
Table 2). The fact that such crisis started just after the very strong shock that occurred in
the Aegean zone in 1856 (M = 7.7) could not be casual. Then, seismicity was relatively low
until 1948, when a new seismic phase occurred, involving two events with magnitudes 6.9
and 7.1 and a higher frequency of major events (Figure 3b). This phase, mainly developed
during the interval 1948-1956, might be an effect of the post-1939 westward displacement
of Anatolia. This hypothesis is suggested by the following considerations about the tectonic
setting of the zones involved. The strain regime in the western Anatolian region mainly
relates to S-N extension (e.g., [13,42,43]), which has developed since the early Pliocene
(e.g., [44-46]). This regime may have been induced by a complex bending pattern of the
Anatolian—Aegean Tethyan belt, which involves a NW-ward displacement of the north-
western sector and a SW-ward displacement of the southwestern sector (Figure 1). The
consequent N-S extension between the above structures has been accommodated by the
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formation of roughly E-W troughs. This tectonic mechanism and the related seismic activity
may have been accelerated by the post-1939 westward displacement of Anatolia [23,25].

Table 2. Main earthquakes (M > 5.5 that occurred since 1800 in the western Anatolian and Creta—

Rhodes zones (Figure 3b).
Year M R
1805 6.4 38
1815 6.3 38
1817 5.8 38
1817 5.5 38
1820 5.9 38
1828 5.8 38
1831 5.7 38
1843 6.5 38
1845 6.7 38
1845 6.2 38
1846 6.1 38
1846 6.1 38
1850 5.9 38
1851 6.8 38
1852 5.8 38
1855 6.2 38
1855 5.8 38
1856 7.7 38
1856 6.1 38
1857 5.8 38
1862 6.3 38
1862 6.5 38
1865 5.8 38
1865 6.2 38
1866 5.8 38
1866 6.2 38
1866 6.1 38
1866 6.2 38
1868 5.8 38
1868 5.7 38
1869 6.8 38
1869 6.8 38
1870 6.1 38
1871 5.8 38

1871 5.7 38
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Table 2. Cont.

Year M R
1873 5.9 38
1873 6.1 38
1873 6.2 38
1873 5.8 38
1874 7.0 38
1874 5.8 38
1875 5.8 38
1875 6.1 38
1877 6.2 38
1877 5.9 38
1880 6.2 38
1880 6.2 38
1881 6.5 38
1881 59 38
1883 6.7 38
1883 6.2 38
1886 6.3 38
1886 6.0 38
1887 5.8 38
1890 5.8 38
1890 6.1 38
1891 6.2 38
1891 5.9 38
1891 5.8 38
1892 5.8 38
1893 5.8 38
1895 6.6 38
1895 6.2 38
1896 59 38
1897 6.2 38
1898 6.9 38
1899 6.7 38
1903 5.6 36
1904 55 36
1904 6.0 36
1904 6.0 36
1904 5.8 36
1908 5.5 36
1909 55 36
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Table 2. Cont.

Year M R
1910 55 36
1912 5.6 36
1920 5.8 36
1926 5.8 36
1927 5.6 36
1928 6.3 36
1928 5.6 36
1937 5.5 36
1938 5.7 36
1939 55 36
1939 6.4 36
1941 6.3 36
1942 55 36
1942 59 36
1942 55 36
1942 6 36
1946 5.9 36
1948 6.9 36
1948 6.2 36
1952 6.4 36
1955 55 36
1956 7.1 36
1956 6.0 36
1959 5.9 36
1959 6.0 36
1966 5.8 36
1968 5.8 36
1969 5.9 36
1969 59 36
1969 6.1 36
1969 5.9 36
1969 6.0 36
1970 5.5 36
1972 6.2 36
1974 55 36
1976 5.6 36
1977 5.6 36
1979 6.1 36
1986 5.7 36
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Table 2. Cont.

Year M R
1989 5.6 36
1989 5.6 36
1991 5.7 36
1992 6 36
1992 5.8 36
1994 55 36
1996 5.8 36
1997 5.7 36
2003 5.8 36
2003 55 36
2004 6.1 36
2004 5.6 36
2005 5.6 36
2005 5.8 36
2005 5.8 36
2005 6.0 36
2011 5.5 35
2012 6.0 35
2013 6.2 35
2013 6.0 35
2013 6.4 35
2015 6.1 34
2017 6.3 34
2017 6.6 34
2020 5.6 34
2020 5.6 34
2020 5.7 34
2020 6.6 34
2020 5.8 34
2020 7.0 34
2021 5.5 34
2021 5.7 34
2021 6.0 34
2021 6.4 34
2021 5.6 34
2022 5.5 34

Seismotectonic activity in the Crete-Rhodes arc may be driven by the convergence
between southwestern Anatolia (Antalya) and the Libyan promontory (Figure 1, [1,23-25]).
The related shortening is accommodated by the southeastward bending and consequent
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fragmentation of this arc. This tectonic mechanism also involves a sinistral relative motion
between the Crete-Rhodes arc and the Levantine oceanic domain, which is accommodated
by sinistral transpression at the Pliny and Strabo faults (Figure 1). The westward displace-
ment of Anatolia after 1939 may have accelerated both the tectonic mechanisms cited above,
causing the increase in seismic activity that mainly developed in the 1948-1956 interval
(Table 2). The seismic crisis that has occurred in the last 20 years might be an effect of the
two strong earthquakes (M = 7.5, 7.2) that hit the westernmost sector of the NAF in 1999.

2.3. Southern Greece (Peloponnesus, Cephalonia Fault, Corinth, Ambracique, Eubea, and
Thessaly Troughs)

Two intense seismic crises developed in the 1860-1870 and 1886-1900 intervals
(Figure 3¢, Table 3). Then, activity significantly decreased until 1947, when a new in-
tense seismic crisis started developing, involving major events until 1959, with 13 shocks
of M > 6 (seven with M > 6.5). In the following period, seismicity decreased but never
reached very low levels.

Table 3. Main earthquakes (M > 5.5) that occurred since 1800 in southern Greece (Figure 3c).

Year M R
1804 6.4 38
1805 59 38
1806 6.1 38
1811 6.0 38
1815 6.3 38
1817 6.6 38
1820 6.6 38
1820 6.9 38
1825 6.7 38
1826 5.8 38
1831 5.9 38
1833 6.2 38
1837 6.0 38
1840 6.4 38
1842 6.2 38
1846 6.8 38
1852 5.9 38
1853 6.7 38
1858 6.5 38
1861 6.9 38
1862 6.4 38
1864 6.0 38
1866 6.3 38
1867 7.2 38
1867 6.5 38

1868 6.3 38
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Table 3. Cont.

Year M R
1869 6.7 38
1870 6.8 38
1873 5.9 38
1873 6.3 38
1874 55 38
1876 5.9 38
1885 6.1 38
1886 7.2 38
1887 6.3 38
1888 6.3 38
1889 6.4 38
1891 6.3 38
1891 5.8 38
1893 6.3 38
1893 6.2 38
1894 6.8 38
1894 6.9 38
1897 6 38
1899 6.5 38
1901 55 36
1901 5.7 36
1902 5.7 36
1902 5.5 36
1903 5.6 36
1903 55 36
1909 5.9 36
1909 5.5 36
1909 5.6 36
1912 6.1 36
1914 59 36
1914 6 36
1915 6.1 36
1915 5.9 36
1915 6.3 36
1915 5.6 36
1915 6.0 36
1915 5.7 36
1916 5.7 36
1917 5.7 36
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Table 3. Cont.

Year M R
1919 6.0 36
1921 55 36
1926 5.5 36
1926 5.7 36
1926 6.8 36
1927 5.6 36
1928 6.3 36
1931 5.6 36
1938 5.7 36
1943 5.6 36
1947 6.5 36
1948 6.5 36
1951 55 36
1952 5.6 36
1953 6.0 36
1953 6.6 36
1953 7.0 36
1953 5.9 36
1953 5.7 36
1953 6.1 36
1953 5.6 36
1953 6.2 36
1954 6.5 36
1955 6.0 36
1955 5.7 36
1957 5.9 36
1957 6.3 36
1957 6.6 36
1958 6.3 36
1959 6.7 36
1959 5.5 36
1960 5.7 36
1962 5.7 36
1962 6.1 36
1963 5.7 36
1965 6.2 36
1966 6.0 36
1966 5.7 36
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Table 3. Cont.

Year M R
1968 5.8 36
1969 5.7 36
1970 6.0 36
1970 5.8 36
1973 5.8 36
1975 5.6 36
1976 5.6 36
1980 6.4 36
1981 6.4 36
1981 6.1 36
1981 6.2 36
1981 5.5 36
1981 5.6 36
1983 6.8 36
1983 55 36
1983 6.0 36
1985 5.5 36
1986 5.7 36
1987 5.5 36
1988 5.6 36
1989 5.6 36
1992 6.0 36
1994 5.6 36
1995 6.3 36
1996 5.7 36
1997 6.6 36
1997 5.6 36
1997 6.0 36
1998 5.6 36
1999 6.0 36
2000 5.8 36
2000 5.5 36
2001 5.6 36
2002 5.7 36
2003 6.4 36
2003 5.5 36
2005 5.8 36
2005 5.6 36
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Table 3. Cont.

Year M R
2006 5.6 36
2007 5.7 35
2008 6.5 35
2008 6.8 35
2008 6.2 35
2008 6.4 35
2008 5.6 35
2009 5.7 37
2009 5.8 35
2010 55 35
2010 5.6 35
2012 5.8 35
2012 5.6 35
2013 55 35
2014 6.1 35
2014 6.1 35
2015 6.5 34
2018 5.5 34
2018 6.8 34
2018 5.6 34
2018 5.7 34
2020 5.7 34
2021 5.5 34
2022 5.5 34

We think that the increase in seismic activity since 1947 (Figure 3 and Table 3) may be
an effect of the post-1939 Anatolian jump. This hypothesis is suggested by the fact that
the post-1939 displacement of the Anatolian—Aegean system has induced a compressional
regime in the Peloponnesus wedge. This regime has been accommodated by the south-
to SW-ward escape of that wedge (e.g., [1,23-25,47,48]), guided by the dextral transpres-
sional Cephalonia fault and by the system of curved shear faults that longitudinally cut
the southern Peloponnesus. In turn, the roughly S-N divergence between the escaping
Peloponnesus wedge and northern Greece has induced extensional stresses in the series of
troughs located in central Greece (Corinth, Ambracique, Eubea, and Thessaly, e.g.,) as seen
in Figure 1 [49-52].

2.4. Serbo-Macedonian Fault System (SM)

The time pattern of seismic activity in this zone shows a drastic drop in the period
following 1939, highlighted by the fact that only one event (1978 M = 6.2) took place in
this period, with respect to the previous interval (1800-1940), during which several shocks
(14 with M > 6.0 and 5 with M > 6.5) took place (Figure 3d, Table 4). The hypothesis that
such a decrease can be an effect of the post-1939 Anatolian advancement is supported by
the fact that the push of Anatolia, transmitted by the Rhodope massif, induced a com-
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pressional regime on the SM fault system, which may have inhibited the activation of the
predominantly tensional faults recognized in that zone [1,23-25,53,54]. The compressional
interaction between the northwestern Anatolian structure and the Rhodope massif is evi-
denced by the deformations observed in the interposed zone (Ganos—-Gelibolu thrust zone,
e.g., [55,56]) and by the earthquake focal mechanisms (e.g., the 1912 Ganos event [57,58]).

Table 4. Main earthquakes (M > 5.5) that occurred since 1800 in the Serbo-Macedonian zone
(Figure 3d).

Year M R
1829 7.0 38
1839 6.1 38
1867 6.1 38
1874 5.7 38
1894 5.8 38
1894 5.6 38
1894 5.9 38
1894 5.5 38
1902 6.4 36
1903 55 36
1904 7.2 36
1904 6.9 36
1904 6.3 36
1904 5.9 36
1905 6.4 36
1905 55 36
1910 5.5 36
1931 6.2 36
1931 6.7 36
1932 6.8 36
1932 6.0 36
1932 5.9 36
1932 6.4 36
1932 5.8 36
1933 6.4 36
1958 5.8 36
1975 5.8 36
1978 5.8 36
1978 6.2 36
1978 55 36
1985 5.5 36

The fact that the Serbo-Macedonian zone is experiencing a compressional regime is
documented by geodetic observations carried out after the 1999 Izmit earthquake and by the
uplift evidenced by neotectonic data [53,54]. One could wonder why in a zone periodically
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stressed by the compressional perturbations induced by the advancements of Anatolia,
the long-term (geological) data indicate a dominant extensional regime (e.g., [59-61]). This
intriguing problem may find an explanation if one considers that this zone is also stressed
by another driving force, whose effects dominate in the long-term with respect to the
compressional ones produced by the advancements of Anatolia. The driving force of
extension consists of the westward displacement of the northern Hellenides, which is
driven by the push of the Aegean—Balkan Tethyan belt (Figure 1). This displacement may
be triggered by the major seismic crises in the Epirus front, where the northern Hellenides
overthrust the Adriatic plate (e.g., [25]) An important support to the above interpretation
is given by the fact that the most intense shocks in SM (Figure 3d and Table 4) occurred
during the most intense seismic phases in the Epirus—Albania (Figure 3e and Table 5).

Table 5. Main earthquakes (M > 5.5) that occurred since 1800 in Epirus and Albanides (Figure 3e).

Year M R
1809 6.1 38
1813 6.4 38
1816 5.9 38
1823 6.1 38
1833 6.2 38
1843 6.2 38
1848 6.4 38
1851 6.8 38
1851 6.6 38
1851 6.4 38
1851 5.7 38
1851 5.9 38
1851 6.1 38
1852 6.2 38
1854 6.0 38
1858 5.9 38
1858 6.2 38
1858 6.4 38
1859 6.2 38
1859 59 38
1859 6.2 38
1860 6.4 38
1860 5.9 38
1860 6.2 38
1860 6.2 38
1862 6.2 38

1864 5.9 38
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Table 5. Cont.

Year M R
1865 6.3 38
1866 6.6 38
1866 6.2 38
1866 5.9 38
1866 6.1 38
1866 5.9 38
1866 6.1 38
1866 5.9 38
1866 6.4 38
1867 6.2 38
1869 59 38
1869 5.5 38
1869 6.0 38
1869 6.2 38
1870 6.5 38
1871 5.8 38
1872 6.5 38
1889 5.9 38
1890 5.9 38
1893 6.6 38
1894 5.9 38
1895 6.2 38
1895 6.5 38
1895 6.2 38
1895 6.2 38
1895 6.2 38
1896 5.9 38
1896 6.2 38
1896 59 38
1896 59 38
1896 5.9 38
1897 6.6 38
1897 5.7 38
1897 5.7 38
1898 6.5 38
1906 5.8 36
1919 5.8 36
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Table 5. Cont.

Year M R
1920 5.6 36
1920 6.5 36
1920 5.9 36
1920 6.0 36
1920 5.7 36
1922 5.7 36
1926 5.9 36
1926 6.3 36
1930 6.2 36
1930 55 36
1931 5.6 36
1934 5.7 36
1940 5.6 36
1946 55 36
1958 55 36
1959 5.9 36
1959 6.3 36
1959 5.7 36
1962 6.1 36
1967 55 36
1969 5.7 36
1969 5.6 36
1979 5.6 36
1982 5.8 36
1993 5.6 36
2019 6.2 39

2.5. Outer Northern Hellenides (Epirus) and Albanides

During the 1800-1930 time-interval, these zones were affected by many major (M > 6)
earthquakes (Figure 3e, Table 5), including ten shocks with M > 6.5. Then, this activity un-
derwent a considerable drop from 1931, only involving three earthquakes with6 <M < 6.5.
in more than 90 years.

A possible explanation for this drastic drop of seismicity may be found by considering
some major aspects of the tectonic context. During the periods of low activity along the NAF
and EAF seismotectonic activity in the Epirus thrust front is mostly due to the convergence
between the Adria plate (moving roughly NNE-ward, in connection with Nubia) and
the northern Hellenides. After major seismic sequences along the NAF, such as the one
that occurred since 1939, the westward push of the Anatolian—-Aegean Tethyan system,
transmitted by the Peloponnesus wedge, may cause a slowdown accompanied by an
upward flexure of the southernmost Adriatic-Ionian domain. This induces an attenuation
of the compressional regime in the Epirus thrust front (and of the related seismic activity).
The same mechanism could have reduced the right lateral motion between the northern
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Hellenides and the southern Dinarides, decreasing shear stress (and seismicity) at the
decoupling transpressional faults in the Albanides (Figure 1).

2.6. Calabrian Wedge

This zone (Figure 3f, Table 6) has not been affected by major earthquakes (M > 5.5)
since 1948. Such a long quiescence (77 years) can be considered as an anomalous “seismic
behavior” of Calabria, given that the time lengths of the previous quiescences (since 1600)
were never longer than 49 years and that the average inter-event time in the interval
1600-1948 is about 12 years (Table 6).

Table 6. Main earthquakes (M > 5.5) that occurred since 1600 in the Calabrian wedge.

Year M R
1609 5.8 40
1626 6.1 40
1638 7.1 40
1638 6.8 40
1640 5.8 40
1659 6.6 40
1708 5.6 40
1743 5.9 40
1744 5.7 40
1749 5.8 40
1767 5.9 40
1783 7.1 40
1783 6.7 40
1783 7 40
1791 6.1 40
1832 6.7 40
1835 5.9 40
1836 6.2 40
1854 6.3 40
1870 6.2 40
1886 5.6 40
1887 5.6 40
1894 6.1 40
1905 7 40
1907 6 40
1908 7.1 40
1909 5.5 40
1913 5.6 40
1928 5.9 40

1947 5.7 40
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We suggest that the seismic quiescence of this zone since 1948 may be an effect of the
upward flexure and slowdown that the southern Adria plate has undergone in response to
the westward push of the Anatolian-Aegean Tethyan system. Such deformation may have
significantly increased the resistance against the overthrusting of the Calabria wedge on
the Ionian domain, i.e., the tectonic process that is mainly responsible for seismic activity in
that fragmented wedge.

2.7. Sicily

Seismic activity in this zone has been very low for a long time-interval (1800-1967),
during which only five earthquakes with 5.5 < M < 6.5 have occurred (Figure 3g and
Table 7). The number of these events significantly increased in the following period, when
seven shocks with M > 5.5 took place in about 50 years. The possibility that the seismic
behavior of Sicily in recent decades can be considered “anomalous” is also suggested by
what happened in the previous two centuries (Table 7), during which the magnitude of
earthquakes overcame the value of six in only three cases (1693 M =6.1,7.3; 1786 M = 6.1)
and the average inter-event time was about 25 years, which is almost double the one in the
1968-2024 interval.

Table 7. Main earthquakes (M > 5.5) that have occurred since 1600 in Sicily.

Year M R
1613 5.6 40
1624 5.6 40
1693 6.1 40
1693 7.3 40
1698 5.7 40
1726 5.5 40
1780 5.5 40
1786 6.1 40
1818 6.3 40
1818 5.6 40
1823 5.8 40
1848 5.5 40
1941 5.9 40
1968 6.4 40
1968 55 40
1968 5.5 40
1978 6 40
1980 5.7 40
1990 5.6 40
2002 5.9 40

To understand the tectonic mechanism that may have caused the above increase in
seismicity it is necessary to consider the tectonic evolution of this zone, that since the
early Pliocene was driven by the westward push of the Anatolian-Aegean Tethyan system
(Figure 4 [1,22,25-27]). This mechanism caused the decoupling of the Adriatic plate from
Nubia through the formation of a long discontinuity crossing the Ionian domain (Victor
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Hensen-Medina fault) and the Hyblean—-Pelagian domain (Sicily Channel fault system).
Once decoupled, the Adria plate underwent a clockwise rotation, inducing a strong E-W
compression on the Hyblean-Pelagian domain (Figure 4B). The consequent shortening
was accommodated by the northward escape of the Adventure block and of the adjacent
Maghrebian sector. In turn, the indentation of these structures induced the lateral escape of
Alpine—Apennine wedges (southern Apennines and Calabria), with the formation of the
central (Vavilov) and southern (Marsili) Tyrrhenian basins. A detailed explanation of this

evolution is reported by [1,22,30].

. [

Figure 4. Tentative reconstruction of the tectonic processes that developed in the central and western
Mediterranean regions in response to the late Miocene collision between the Anatolian—Aegean
Tethyan system (AATS) and the Adriatic promontory [1]. See text for explanations. (1) Continental

domains, (2) thinned continental and oceanic domains, (3) orogenic belts, and (4) zones of intense
(a) or moderate (b) crustal thinning. (A) Late Miocene. Ad = Adventure domain; Hy = Hyblean
plateau, Pa = Palinuro fault, and Ta = Taormina fault. (B) Middle Pliocene. Aw = Adventure
wedge, Va = Vavilov basin, and VHM = Victor Hensen-Medina fault. (C) Middle Pleistocene.
Ce = Cephalonia fault, ECA = External Calabrian Arc, Mar = Marsili basin, Si = Sibari fault, and
Sy-Vu = Syracuse—Vulcano fault. Other symbols as in Figure 1.
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Around the late Pliocene—early Pleistocene, the collision of the northern Calabrian
wedge with the continental Adriatic domain caused an important change in the tectonic
setting of this zone, involving a different escape trend of Calabria and the activation of the
Vulcano-Syracuse fault system (Figure 4C [1]). This last discontinuity has promoted the
roughly northward escape of the Hyblean block, inducing a compressional regime along
its northern margin, offshore of northern Sicily [62,63]. These tectonics are still going on
and may be responsible for the thrusting indicated by neotectonic data and earthquake
focal mechanisms [64,65]. The acceleration of E-W compression, driven by the post-1939
Anatolian jump, may explain why the average inter-event time in Sicily has considerably
decreased in recent decades (Figure 3g and Table 7).

2.8. Tell System

The time pattern of major earthquakes (M > 5.5, Figure 3h, Table 8) shows an evident
increase in recent decades (perhaps since 1954 and more evidently since 1980), highlighted
by the high number of shocks (yellow bands in Figure 3h) and by the fact that in about
40 years this zone was hit by six earthquakes with M > 6 and two with M > 6.5 (Table 8).
In the previous much longer interval (1800-1979), only two shocks reached a magnitude
greater than six.

Table 8. Main earthquakes (M > 5.5) that have occurred since 1800 in the Tell (Figure 3h).

Year M R
1825 6.0 32
1850 6.0 32
1856 6.0 31
1856 6.8 31
1869 6.0 32
1887 6.0 32
1891 6.0 32
1910 6.6 33
1946 5.6 32
1954 6.0 33
1956 6.0 33
1965 5.5 33
1980 6.5 41
1980 5.9 41
1980 6.2 41
1980 5.7 33
1981 5.5 41
1985 5.7 33
1988 5.6 33
1989 6.0 41
1989 5.5 33

1994 59 35
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Table 8. Cont.

Year M R
1996 55 35
2000 5.7 35
2000 5.7 35
2003 6.8 41
2003 5.7 41
2003 5.7 35
2008 5.5 35
2013 5.5 35
2014 55 34
2021 6.2 39
2021 6.1 39

As suggested by [25-27], seismotectonic activity in the northern Nubian margin is
influenced by the westward displacements of Anatolia. The push of this large wedge,
transmitted by the Aegean arc and the Adria—Pelagian domain, induces E-W compression
in the northern Nubian margin. This regime, combined with the NE-ward compression
driven by the Nubia—-Eurasia convergence, induces the dextral transpressional shear in the
Tell which is indicated by neotectonic and seismological data. This tectonic context may
explain the increase in seismic activity that occurred in this zone in recent decades, when
the effects of the Anatolian jump might have stressed the Tell.

3. Discussion

This study suggests that the peculiar distribution of seismicity temporal patterns
following the 1939 Great Anatolian Earthquake aligns with the tectonic implications of
the geodynamic context proposed by the authors of [1,24,25]. Since the relevant literature
presents alternative interpretations involving different driving forces and tectonic processes,
it is useful to assess how these perspectives explain the evidence discussed here.

As an example, we highlight the challenges of adopting the well-known idea that
Plio—Quaternary deformation in the Mediterranean region has been primarily driven by
the gravitational sinking of subducted lithospheres (slab-pull model; e.g., [66—72]). This
model implies that tectonic activity in the eastern Mediterranean is mainly governed by the
southwestward pull of the retreating Ionian-Levantine slab. However, in such a scenario,
the post-1939 westward displacement of Anatolia would have counteracted rather than
accelerated the extensional effects of slab-pull in the Aegean region, leading to a decrease
in seismicity rather than an increase.

One of the primary arguments supporting the slab-pull model (e.g., [73] is the obser-
vation that geodetic velocities in the Aegean region (30—40 mm/yr) are significantly higher
than those in Anatolia (10-15 mm/yr). However, this interpretation does not consider that
the current velocity field could represent a transient condition resulting from post-seismic
viscoelastic relaxation triggered by the post-1939 Anatolian seismic sequence (e.g., [74-76]
and references therein).

Another piece of geodetic evidence cited in support of the hypothesis that Anatolia is
being pulled (by slab-pull) rather than pushed (by the indentation of Arabia) comes from
the analysis of coseismic and postseismic displacement fields induced by the two strong
earthquakes (M = 7.6, 7.8) that struck the Eastern Anatolian Fault in February 2023 [77].
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The evidence that is supposed to demonstrate the above hypothesis is based on the fact
that no present-day shortening is indicated by the observed geodetic deformation field at
the Arabia—Anatolia boundary. However, this interpretation does not take into account that
the 2023 activations of the Eastern Anatolian Fault occurred after the very strong seismic
sequence that has developed along the NAF since 1939. These breaks allowed a large
westward displacement of the northern Anatolian structure, causing it to diverge from
southeastern Anatolia (which was less mobilized), thereby inducing a NW-SE extensional
stress field at the EAF system. This suggests that the 2023 activations of that fault may have
released the extensional strain previously accumulated.

The hypothesis that the westward motion of Anatolia is driven by a pull (such as the
retreat of the Aegean slab) rather than by the indentation of Arabia struggles to account
for other major features. The most evident is the shape of the Anatolian—Aegean Tethyan
belt (Figure 1), which testifies a considerable bending. This compressional deformation
is clearly incompatible with a westward pull. Another major feature that the slab-pull
model struggles to explain is the presence of an extensional zone (Cretan basins) between
the presumed driving force (Hellenic slab pull) and the Anatolian wedge. Additionally, it
would be necessary to explain why the eastern and western Cretan basins developed at
rather different times (e.g., [78,79]). Other significant inconsistencies between the observed
deformation pattern and the implications of the slab-pull model are discussed by the
authors of [1,23-25,30].

The slab-pull model also implies that tectonic activity in the central and western
Mediterranean regions is not significantly influenced by the extrusion of Anatolia. However,
this assumption makes it difficult to explain why after the 1939 Anatolian shock seismicity
increased in Sicily and in the Tell and decreased in the Epirus—Albania and Calabria.

Another key difference between the geodynamic interpretation adopted here and
the alternative ones concerns the direction of the Nubia-Eurasia convergence, which
is often assumed to be oriented towards the northwest (e.g., [73,80-83]). This trend is
difficult to reconcile with several important pieces of evidence from across the Mediter-
ranean region (e.g., [1] and references therein [20]). The main difficulty lies in explaining
how the Adria plate can move in an approximately perpendicular direction (towards the
NNE [84,85]), despite no significant active decoupling between Nubia and Adria being
recognized ([1] and references therein). A detailed discussion of these issues can be found
in [1,20,22,23,29,30,86].

Several modeling studies have attempted to reproduce the effects of the post-seismic
relaxation triggered by major shocks in the study area (e.g., [3,4,8,75,87]. However, the
results indicate a wide range of possible effects. This variability is mainly due to insufficient
knowledge of the actual structural and rheological parameters, which allows researchers to
adopt different models involving the various layering of elastic and viscoelastic properties,
as well as different boundary conditions. Because of this uncertainty, the results of these
studies may be affected by unknown errors, making them unreliable for seismic hazard
assessments. In this regard, we believe that useful insights into seismic hazards can
be obtained by studying the spatio-temporal distribution of seismicity following strong
shocks, and by the attempts to understand their possible connection with the geodynamic
frameworks and the ongoing tectonic processes.

4. Conclusions

The post-1800 time patterns of seismic activity in key tectonic zones of the Mediter-
ranean area suggest that the seismic sequence that has activated the whole North Anatolian
Fault since 1939, has also accelerated the ongoing tectonic processes in western Anatolia,
the eastern (Crete-Rhodes) and western (Peloponnesus) Hellenic arcs, Sicily, and northern
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Nubia, and decelerated deformations in the Serbo-Macedonian, Albanian, Epirus, and
Calabrian zones. In the Aegean zones, the increase in seismicity may be due to fact that
the westward displacement of Anatolia has accelerated the southward bending of the
Aegean metamorphic core, leading to the fragmentation of the surrounding brittle orogenic
structures. This process may have induced S-N extension in the westernmost Anatolia,
NE-SW shortening in the Crete-Rhodes arc, NNE-SSW escape of the Peloponnesus wedge,
and N-S extension in the Corinth, Ambracique, Eubea, and Thessaly troughs. The fact
that no major shocks have occurred in the Serbo-Macedonian tensional fault system since
about 1932 might be a consequence of the post-1939 compressional regime induced by the
westward push of northern Anatolia, transmitted by the Rhodope massif.

The drastic drop in seismicity in the Epirus—Albania zone since about 1967 (following
a long period of high activity) may indicate that the tectonic mechanism responsible
for seismic activity at this thrust front (namely the convergence between the southern
Adria domain and the northern Hellenides) has slowed down after the 1939 event. This
effect may have been caused by the upward flexure and deceleration of the southernmost
Adriatic domain in response to the westward push of the Anatolian—Aegean system. A
temporary deformation of the southern Adria domain could also explain the absence of
major earthquakes in Calabria since 1948, as such upward flexure may have increased the
resistance against the outward migration of the Calabrian wedge, which is the mechanism
primarily responsible for the breaking of that wedge. Moreover, the increase in seismic
activity in Sicily after 1940 might have been the result of an acceleration of the northward
motion of the Hyblean block in response to the westward push of the Anatolian—Aegean
system. This driving force may also explain the increased seismic activity observed in the
Tell region (e.g., [1,25-27]).

One could try a quantification of the statistical significance of the increases and de-
creases tentatively identified in the zones considered. However, we think that such infor-
mation would be scarcely useful. In this regard, it can be pointed out that the variations
in seismicity in the considered zone have occurred some decades after the 1939 event,
which is within a range of time-intervals which are compatible with the migration rates
of the post-seismic relaxation triggered by the Anatolian seismic sequence. Moreover,
it can be pointed out that the increases and decreases in seismicity well-correspond to
the implications of the tectonic setting in the respective zones. The possibility that such
complete correspondence can merely occur by chance is certainly very low. We believe
that the information provided by this work about the seismicity patterns that occurred in
key tectonic zones after the strong 1939 earthquake may be useful for any study of seismic
risk in the zones involved. The reader will use this information in the way they think to
be plausible.

The evidence and arguments presented in this work may enhance our understanding
of the relationship between the short-term development of ongoing tectonic processes and
the spatiotemporal distribution of major earthquakes in the Mediterranean region. This
knowledge could be useful for identifying the zones most prone to significant seismic
events in the coming decades. To explain this proposal more clearly, we present some
possible examples.

e  After the considerable stress drops that occurred in the North Anatolian Fault (NAF)
during previous decades, one might assume that the shear stress along this discon-
tinuity has significantly decreased, potentially implying a moderate risk of major
events. However, this tentative prediction may not apply to the easternmost sector
of the NAF as the two strong earthquakes that struck the Eastern Anatolian Fault in
2023 (M =7.8, 7.6) may have facilitated a westward displacement of the easternmost
Anatolian wedge, thereby increasing shear stress along the easternmost segment of
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the NAF. Nevertheless, it is unlikely that such an increase could fully reload the fault
near the rupture point, given the significant drop in stress in 1939. We believe that a
geodetic analysis of the strain field evolution in these areas can be useful.

e The progressive decrease in seismic activity following the intense seismic phase be-
tween 1948 and 1960 (Figure 3, Table 2) could indicate that the effects of the major
Anatolian displacement in the western margin of Anatolia have passed their most
intense phase. However, the emergence of a new seismic phase around 2013, which
includes nine earthquakes with M > 6, may suggest that this fault system is experienc-
ing a stress increase, possibly triggered by the two strong earthquakes that occurred
in 1999 along the westernmost NAF (Marmara Sea region, M = 7.5, 7.2). The recent
seismic activity in the Santorini region and its potential developments could be part of
this ongoing seismic phase.

e  One could expect that the two strong earthquakes that in 1999 hit the westernmost
sector of the NAF have also triggered an increase in shear stress in the North Aegean
Faults located along the two-branches westward of the NAF. This hypothesis is com-
patible with the occurrence of a major shock (M = 6.9) in 2014 along the above zone.

e  The compressional effects induced by the post-1939 Anatolian jump (documented by
geodetic data) and the seismic quiescence in the Epirus zone since 1940 suggest a low
hazard in the normal faults of the Serbo-Macedonian zone, as argued earlier.

e  The seismic history of southern Greece shows almost continuous activity in the last
two centuries. This evidence, corroborated by the fact that three major shocks have
recently occurred in Cephalonia fault in 2018, M = 6.8, and in the Thessaly troughs in
2021, M = 6.3 and 6.2, does not allow us to exclude the occurrence of a major shock in
the next decade.

e  In the Epirus—Albanides zone, the lack of major earthquakes during a relatively long
period (1963-2002) might be an effect of the deformation that the southern Adria plate
is undergoing in response to the westward push of the Anatolian—-Aegean system.
However, the occurrence of some significant shocks in the last 20 years (2003 M = 6.4,
2015 M = 6.5, and 2019 M = 6.2) could indicate the progressive mitigation of the above
effect, with a consequent progressive increase in seismic hazard.

e In Calabria, the complete absence of events with M > 5.5 since 1947 may lead us
to suppose that the present seismic hazard is not high. However, it is not easy to
recognize how long this situation can go on for. The analysis of geodetic data may help
to recognize eventual changes in the velocity field, possibly induced by the attenuation
of the effects of the post-1939 Anatolian jump.

e  The fact that geodetic data indicates a roughly NW-ward motion of the northern
Nubian belt (in contrast to the NNE-ward trend inferred from the Plio-Quaternary
deformation pattern [1,26,27]) suggests that this zone is still experiencing the effects of
the Anatolian jump and that consequently the occurrence of major shocks in the next
decade can hardly be excluded.
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